The purpose of this study was to investigate the effects of the fragrance of Abies holophylla Max., which is known to contain α-pinene, β-pinene, and limonene, etc., on stress relief, vascular function and autonomic nervous system. In this crossover design study, 15 healthy workers without otolaryngologic disease (37.6 ± 6.8 years old) were randomized to either (1) plant fragrance inhalation or (2) 
Introduction
Horticultural therapy is an activity using flowers and plants or an activity using them as a therapeutic tool. Since it was first introduced in Korea (Kwack, 1984) , it has steadily grown and studies on the effects of horticultural therapy have been also actively conducted. However, most of the studies focused on activity-based therapy programs like occupational therapy, and those on the therapeutic effects of plants themselves, and those on psychological and emotional areas based on the effects have been mostly carried out in the pharmaceutical and medical fields which has not been closely applied to actual horticultural therapy activities. As stress or irregular lifestyles have been continuously pointed out as a cause of various diseases and a factor that affects lifestyle diseases, people's interest in the effects of plant fragrances such as stress reduction, emotional stability and relaxation has been growing. Several earlier studies reported that activities that stimulate the senses of touch and smell, two of the primary senses, using plants induce positive changes in participants' Note. Data are expressed as mean±SD, number (%) where specified. BMI=body mass index; SBP=systolic blood pressure; DBP=diastolic blood pressure.
behaviors and increase participation (Baik and Eom, 2015) , and that fragrance compounds contained in plants such as linalool (a plant-derived monoterpene alcohol), limonene, α-pinene and cineole which are related to the reduction of stress and depression (Gomes et al., 2010; Souto-Maior et al., 2011; Jin et al., 2014) . However, there are few studies that compared the independent effects of fragrance compounds derived from plants on humans, and they mostly relied on the subjective assessment of subjects such as visual analogue scale (VAS) and questionnaire surveys, which requires more objective and empirical studies.
Based on the results of an earlier study on the produced amount of fragrance compounds (Baik and Yi, 2018) , this study analyzed the effects of the fragrance of Abies holophylla Max. that contains a significant amount of functional fragrance compounds such as α-pinene, β-pinene, limonene, linalool on the autonomic nervous system and the conditions of blood vessels from different angles in order to identify the therapeutic effects of plants and develop horticultural therapy programs utilizing the effects. In addition, the results of this study are expected to contribute to the selection of plants that have therapeutic effects for horticultural therapy activities. The hypotheses set in this study are as follows:
First, the inhalation of the scent of A. holophylla Max. will contribute to changes in the autonomic nervous system such as blood pressure and heart rate. Second, the fragrance inhalation of A. holophylla Max. will change the function of blood vessels such as arterial stiffness and flow-mediated dilation. Third, the fragrance inhalation of A. holophylla Max. will suppress sympathetic nervous activity and increase parasympathetic nervous activity, thereby alleviating the stress response and improving vascular function.
Research Methods

Research Subjects and Methods
Research Subjects
This study was conducted among 15 healthy males and females among workers in their 30s and 40s, and was reviewed and performed according to the regulations of the Institutional Review Board (IRB) of the University of Seoul (UOSIRB2017-18). Prior to this experiment, a basic questionnaire survey was performed to survey the medical history of the participants, medications that they were taking at the time of the experiment, the level of physical activities, etc. and to measure their height, weight and blood pressure.
Those who had any otolaryngological disease or those who were taking medications were excluded from this experiment. The general characteristics of the participants were as shown in Table 1 , and the results of a total of 14 participants, except one participant whose inspirator was removed due to movements during this experiment and thus whose experiment was not properly carried out, were analyzed. In terms of flow-mediated dilation (FMD), the results of 13 participants, except one participant whose measured data contained errors, were analyzed.
Research Design
All the data collected in this study were measured in the Vascular Health Research Lab at the University of Seoul, and all the participants were ensured to maintain the same experimental conditions in order to minimize any confounding variable. This experiment was carried out in a shield room of which walls and ceiling were painted white (22.24 m 2 ), and its temperature and relative humidity were maintained at 22°C±2 and 40%±5 respectively in order to control the concentration of the fragrance of Abies holophylla Max., subject to temperature and humidity (Bocca and Battiston, 1964) .
A single-blind test was performed using a randomized and crossover design, and physiological reactions including hemodynamic reactions (BP, HR) and changes in the autonomic nervous system (HRV) and vascular functions (AIx, FMD) were measured. Participants were randomly assigned to different order of treatments (plant fragrance inhalation and odorless air inhalation) under the research design of this study, and they were ensured to participate in both the treatments in order to minimize errors within the same participant. The wash-out period between the two treatments was set to one day at least, and participants were instructed to empty their stomach at least for 6 hours in order to minimize the impact of confounding variables on the day of measurement, and not to take in caffeine and do any strenuous exercise from one day (24 hours) before measurement.
All the dependent variables, except HRV and FMD, were measured three times: before experiment (baseline), 10 minutes after fragrance inhalation, and 20 minutes after fragrance inhalation (Fig. 1 ). HRV and FMD were measured two times: before and after fragrance inhalation. The control process of minimizing physical activities and maintaining a lying position during the hours of this experiment was performed to measure relevant variables and examine changes in the autonomic nervous system and vascular functions after fragrance inhalation.
Plant Fragrance Inhalation
To examine the effects of plant fragrance inhalation, leaves of Abies holophylla Max., known to have a high content of functional fragrance compounds, were used as a plant fragrance in this study based on the results of a study that analyzed the content of monoterpenes that were found to show therapeutic effects in several plants, such as α-pinene, β-pinene and limonene (Baik and Yi, 2018) . Two treatment groups were prepared as follows: the plant fragrance inhalation group in which odorless air made according to the composition of atmosphere (oxygen 20.95%, nitrogen 78.08%, carbon dioxide 0.03%, others 0.94%) was injected into a glass tube filled with 3 g of leaves of A. holophylla Max. collected on the day of this experiment; and the control treatment group in which the same odorless air was injected only. In order to control the amount of the air and the concentration of the fragrance during inhalation, a separate inspirator was used, and participants were ensured to inhale the air in a comfortable position by maintaining the flow rate of the odorless air container at 3 L/minute.
Measurement Items
Physical Measurement
All the participants were instructed to empty their stomach at least for 6 hours before measuring their physical status and to wear lightly. Their body mass index (BMI), body fat percentage (%BF) and muscle mass (kg) were measured and calculated using a body composition analyzer (Inbody3.0, Biospace).
Blood Pressure (BP)
The blood pressure (BP) of the arteritis brachialis of participants was measured using an automated sphygmomanometer (HEM-7080IC, Omron, Japan) after lying on their back for 15 minutes for sufficient rest. Their BP was measured twice and the average value was used for analysis. If there is an difference between the two data greater than 10 mmHg, their BP was measured one more time, and the lowest value was used for analysis. The BP of the central artery was measured by substituting the pulse wave of the arteritis radialis detected using SphygmoCor (AtCor Medical, Australia) and the BP of the arteria brachialis to the generalized transfer function (Park et al., 2017) .
Augmentation Index (AIx)
Arterial stiffness was measured using aortic augmentation index (AIx), a measure of central arterial stiffness. After having sufficient rest, waveforms at the arteritis radialis of the right arm were consecutively recorded for over 10 seconds using an applanation tonometry (Millar instruments, USA). The waveforms of the central artery were calculated using an automated analysis software (SphygmoCor, AtCor Medical, Australia) and the generalized transfer function. For the accuracy of the measured data, the average value of two data of which quality index was over 80%, and difference was within 5% was used for analysis (Yasmin et al., 2004) . Since the AIx is sensitive to heart rate (HR), the standardized value at the HR of 75 bpm was calculated (Alx@75bpm) (Lee et al., 2009 ). The higher the AIx, the higher the central arterial stiffness.
Flow-Mediated Dilation (FMD)
The function of endothelial cells was measured using the flow-mediated dilation (FMD) dependent on the endothelial cells of the arteritis brachialis. According to the method suggested by Celermajer et al. (1994) , the FMD was measured using an ultrasonic device (ACUSON X300, Simense, USA). The inner diameter of the arteritis brachialis vessel was measured at 3 cm above the antecubital fossa in the B-mode using the high-resolution ultrasonic device and a 11.4 MHz liner probe. After that, the pressure of the cuff of the sphygmomanometer wrapped around the forearm was raised to 200 mmHg and the blood flow was blocked for 5 minutes. After that, the pressure was reduced to 0 mmHg and changes in the inner diameter of the arteritis brachialis were recorded for 2 minutes to measure its maximal brachial arterial diameter (Black et al., 2008) . The diameter was defined as the distance between the inner walls of the blood vessel, and was calculated as the ratio of the average diameter of the basal blood vessel to the maximal diameter in a hyperperfusion state.
Flow-mediated endothelial dependent dilation (%) was calculated as the ratio of the inner diameter of the vessel in a basal state to the maximal diameter in a hyperperfusion state (Park et al, 2017) . Diameter and blood flow rate were analyzed in real time using an automated analysis software (FMD studio, Quipu, Italy) in order to exclude the subjective judgements of testers and analyzers.
Heart Rate Variability (HRV)
Heart rate variability (HRV) is a measure of beat-to-beat (R-R) changes in heart rate, closely related to the autonomic nervous system (Piccirillo et al., 1996) . Changes in heart rate are affected by various physiological and pathological conditions (Pomeranz et al., 1985) , and HRV is an indicator of the effects of sympathetic and parasympathetic nerves (Malik and Camm, 1993) . In this study, the low frequency (HF), high frequency (HF) domains and low frequency/high frequency ratio (LF/HF ratio) of subjects were measured in a lying position (a stable position without falling asleep) using an analyzer (Biopac System Inc, USA). Frequency domains were analyzed by analyzing HRV waveforms using a method to measure the relative strength of each frequency components (Hong and Kong, 2011) . LF (low frequency) and HF (high frequency) are known as a representative measure of sympathetic and parasympathetic activity respectively, and LF/HF ratio is known as an indicator that reflects a balance between sympathetic and parasympathetic nerves (Malliani et al., 1991; Cacioppo et al., 1994) .
Statistical Analysis Methods
All the data measured in this study were analyzed using IBM SPSS version 25 (SPSS Inc., Chicago, IL, USA), and were presented as an average and standard error value unless specified. To examine hourly changes in dependent variables in the plant fragrance inhalation group and odorless air inhalation groups, 2×3 Repeated ANOVA was performed, setting treatment types (plant fragrance inhalation, odorless air inhalation) and measurement timings (before inhalation, 10 minutes after plant fragrance inhalation, 20 minutes after plant fragrance inhalation) as an independent variable. A paired t-test was used as a post-hoc analysis in order to verify changes depending on changes in each factor. HRV and FMD were measured two times before and after plant fragrance inhalation, and were analyzed using a paired t-test with differences between measurement timings.
Results
Changes in Hemodynamic Parameters (BP, HR) and Augmentation Index (AIx)
Changes in blood pressure (BP) and augmentation index (AIx) measured 20 minutes after inhaling the fragrance of the leaves of Abies holophylla Max. were as shown in treatment groups (p=.034). cSBP and cDBP that indicate central blood pressure also showed similar results. cSBP during plant fragrance inhalation (down by 7.65 mmHg) decreased more significantly than that during odorless air inhalation (down by 4.15 mmHg) (p=.001), and cDBP during plant fragrance inhalation (down by 3.07 mmHg) decreased more significantly than that during odorless air inhalation (down by 2.65 mmHg) (p=.015). There was a significant interaction between the two treatment groups in terms of cSBP (p=.012), but there was no statistically significant interaction in terms of cDBP (p=.645). A higher value of augmentation index (AIx) indicates a higher arterial stiffness, and Alx during odorless air inhalation (down by 7.29%) decreased more significantly than that during odorless air inhalation (down by 2.86%) (p=.000), and there was a significant interaction between the two treatment groups (p=.015). The generalized AIx at the heart rate of 75 bpm (Aix@75) during plant fragrance inhalation (down by 8%) also decreased more significantly than that during odorless air inhalation (down by 3.5%), and there was also a significant interaction between the two treatment groups (p=.003). A post-hoc analysis was conducted using a paired t-test and differences between all the measured values of which results of repeated ANOVA showed a significant interaction between the treatment groups and measurement timings, and the results of the post-hoc analysis were also similar (data not shown). Since all the data were measured in a comfortable lying position, the data tended to decrease over time even during odorless air inhalation, but all the data measured during plant fragrance inhalation decreased more significantly than those measured during odorless air inhalation, showing relaxation and stress-relieving effects. 
Changes in Heart Rate Variability (HRV) and flow-mediated dilation (FMD)
The hypothesis of this study that the inhalation of the fragrance of Abies holophylla Max. suppresses sympathetic nervous activity and increases parasympathetic nervous activity, which, in turn, reduces stress, relaxes blood vessels and turns to a calm and stable state was tested as shown in Table 3 . Differences between two points of time -before and after plant fragrance inhalation was analyzed using a paired t-test and differences between odorless air inhalation and plant fragrance inhalation. The difference in sympathetic nervous activity was 0.12±0.04, indicating that sympathetic nervous activity was significantly suppressed when inhaling the fragrance of A. holophylla Max. (p=.013), and the difference in parasympathetic nervous activity was -0.117±0.04, indicating that parasympathetic nervous activity was significantly increased when inhaling the fragrance of A. holophylla Max. (p=.005). The difference in LF/HF ratio, an indicator for the acceleration of sympathetic nerves, was 2.143±0.66 (p=.006), indicating that the inhalation of the fragrance of A. holophylla Max. affected the sympathetic nervous system and increased parasympathetic nervous activity.
In this way, the stress-relieving effect of the fragrance of A. holophylla Max. was verified in this study. After measuring flow-mediated dilation (FMD) using an ultrasonic device, the increased percentage of the inner diameter of a vessel (%) was obtained (Fig. 2) . FMD during odorless air inhalation decreased by approximately 2.10% from 7.943%± 2.61 to 7.776%±3.07, while that during plant fragrance inhalation statistically significantly increased by 14.32% from 7.982%±2.50 to 9.125%±2.32 (p=.022). In addition, the difference between odorless air inhalation and plant fragrance inhalation was -1.310±0.56, indicating that the inner diameter of the blood vessel increased significantly (p=.039) ( Table 3) . Changes in the diameter of the arteritis brachialis were examined during the test of the endothelial cells of the vessel (Table 3) 
Discussion
The fragrance of plants stimulates cerebral nerves through the olfactory groove and induces hormone secretion from the endocrine system and the central nervous system (Pichersky, 2004) , affecting various physiological reactions. The autonomic nervous system is the one that cannot be controlled by a person's own will, is involved in functions that cannot be controlled consciously like breath and heart rate and is composed of the sympathetic and parasympathetic nervous systems (Park et al., 2008) . In a situation where the level of nervousness, stress or anxiety increases, the activity of the sympathetic nervous system increases (Hong and Kong, 2011) , and LF/HF ratio also increases (Park et al., 2008; Park et al., 2010; Shin et al., 2004) . On the contrary, when sympathetic nervous activity is suppressed, and parasympathetic nervous activity is increased, emotional stability and relaxation are known to be achieved through physiological changes such as increasing heart rate, decreasing blood pressure and relaxing vessels (Wang et al., 2002; Park et al., 2010) . For this reason, the autonomic nervous system is often used as an indicator for the level of stress (Hong and Kong, 2011) .
The fragrance of Abies holophylla Max. is known to contain a large amount of fragrance compounds such as α-pinene, β-pinene and limonene (Baik and Yi, 2018) , that suppress these sympathetic nerves and activate parasympathetic nerves and these functional fragrance compounds are also known to relieve stress and stabilize and calm the mind and body (Kim et al., 2006; Gomes et al., 2010) . In this study, it was verified that the fragrance of A. holophylla Max. has positive effects on the autonomic nervous system such as BP, HR and HRV and vascular functions (AIx, FMD), and, by doing so, relieves stress and relaxes blood vessels. These findings indicate that activities using plants that contain a large amount of functional fragrance compounds can be very effectively utilized to provide horticultural therapy activities for patients with depression and hypertension or normal people. Recently, many studies have been conducted to develop various nonmedicinal therapies to reduce depression and stress due to a high dependence and side effects of benzodiazepines widely used as a tranquilizer, and the necessity of combining medicinal treatment and non-medicinal therapies is also growing.
Therefore, considering the effects and applicability of plant fragrance compounds that were verified in this study, the combined treatment with therapies using plant fragrances is expected to be very useful, and the effects of horticultural therapies can be improved by actively utilizing it in horticultural therapies. Furthermore, its high flow-mediated dilation (FMD) and its effects of relieving augmentation index (AIx) can be utilized in various therapy programs targeting patients with cardiovascular diseases and those with a high AIx. In the case of functional fragrance compounds, since the amount of these compounds released due to physical damages is greater than the amount released in a natural state (He et al., 2000; Tani and Nozoe, 2012) , the effects of inhaling fragrance compounds during floricultural activities seem to be as high as activities such as walking in forest. For this reason, activities that involve many physical stimuli such as shaking, weaving and cutting to make wreaths, petite trees and garlands can be applied.
This study, still, have some limitations as follows: First, physiological reactions were measured immediately after plant fragrance inhalation, and thus they could be temporary effects. Follow-up studies on the continuity of these effects need to be conducted. Second, this study targeted healthy people in their 30s and 40s only. It will be necessary to expand the scope of subjects to patients with depression, hypertension and cardiovascular diseases. Nevertheless, this study still has significances considering the facts that therapeutic effects of plant fragrances were examined using a more objective approach and that this study was an empirical study targeting humans. In addition, this study also contributed to the establishment of more professional and detailed horticultural therapy programs. To diversify their application, it will be necessary to continue to analyze fragrance components of more plants and conduct studies targeting humans.
Conclusions
This study was carried out to examine the effects of the fragrance of Abies holophylla Max. that is known to contain α -pinene, β-pinene, and limonene on the stress level, vascular function and autonomic nervous system. In this crossover design study, fifteen healthy workers without otolaryngologic disease (37.6 ± 6.8 years old) were randomized to either (1) plant fragrance inhalation or (2) odorless air inhalation by an experiment coordinator. Compared with odorless air inhalation, plant fragrance decreased brachial SBP, brachial DBP, central SBP, central DBP, and heart rate. Arterial
Stiffness Indexes such as AIx and AIx@75 were also decreased significantly when fragrance was inhaled. In addition, all of the interventions had significant interventions except brachial and central DBP. Heart rate variability (HRV) and flow-mediated dilation (FMD) were significantly improved in plant fragrance inhalation vs. odorless air inhalation. In conclusion, this study demonstrate that fragrance components of A. holophylla Max. have positive effects of autonomic nervous system and improve vascular function. Therefore, it will be helpful for the selective use of plants to increase the treatment effect in horticultural therapy.
